A bacterial strain, designated D75 T , was isolated from the rhizosphere soil of Catalpa speciosa. Phylogenetic analysis based on the complete 16S rRNA gene sequence revealed that strain D75 T was a member of the genus Paenibacillus. High levels of 16S rRNA gene sequence similarity were found between strain D75
Based on the analysis of 16S rRNA gene sequences, Ash et al. (1993) erected the genus Paenibacillus. At that time, the genus Paenibacillus encompassed 11 species with Paenibacillus polymyxa as the type species; at the time of the present writing the genus comprises 134 species and four subspecies with validly published names (http://www. bacterio.cict.fr/index.html). Most members of the genus Paenibacillus are aerobic or facultatively anaerobic, rodshaped, endospore-forming bacteria (Claus & Berkeley, 1986; Slepecky & Hemphill, 1991) that have been isolated from air (Rivas et al., 2005) , cold spring (Tang et al., 2011) , glacier (Kishore et al., 2010) , sediments (Daane et al., 2002; Montes et al., 2004; Park et al., 2011; Moon et al., 2011) , sandbank , the surface of sterilized seeds (Šmerda et al., 2005; Liu et al., 2010) , fermented leaves (Oh et al., 2008) , molybdenum mine (Benardini et al., 2011) , urban waste compost (Vaz-Moreira et al., 2010) , the sputum of a patient with pulmonary disease , the gut of Diestrammena apicalis (Park et al., 2009) , wetland (Bae et al., 2010; Baik et al., 2011) and alkaline soils (Yoon et al., 2005; Lim et al., 2006) , but most from rhizosphere soils of herb or woody plants (Ma et al., 2007a, b; Ma & Chen, 2008; Jin et al., 2011; Baek et al., 2010) . Here we describe the isolation and classification of a novel species within the genus Paenibacillus from the calcareous purple rhizosphere soil of northern catalpa.
Bacterial strain D75 T was isolated from the rhizosphere soil of Catalpa speciosa collected from Mianyang, Sichuan province, China, using the standard dilution plating technique. Isolation was achieved using a nutrient medium, which consisted of 1 % glycerol, 0.5 % corn steep liquor, 0.1 % KH 2 PO 4 , 0.1 % NaNO 3 and 0.05 % MgSO 4 (pH 7.3) and was solidified with 1.5 % agar. The isolate was routinely cultured on trypticase soy agar (TSA; Difco) at 30 u C and maintained as glycerol suspensions (15 %, v/ v) at 280 u C.
Genomic DNA was extracted and purified by using a Wizard Genomic DNA purification kit (Promega). The 16S rRNA gene (1491 bp) was obtained from a PCR product amplified from strain D75
T by using the universal forward primer P1 and the universal reverse primer P6. Primer P1 (59-AGAGTTTGATCCTGGTCAGAACGCT-39) corresponds to positions 8-37 and primer P6 (59-TACGGCTACCTT-GTTACGACTTCACCCC-39) corresponds to positions 1479-1506 in the Escherichia coli 16S rRNA gene (Yanagi & Yamasato, 1993 T was aligned with sequences of recognized species of the genus Paenibacillus by using the CLUSTAL X program (Thompson et al., 1997) . Levels of 16S rRNA gene sequence similarity were calculated by using a web-based tool (http://www.eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic trees constructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Tamura & Nei, 1993 ) methods in MEGA version 5.0 (Kumar et al., 2001; Tamura et al., 2011) are summarized in Fig. 1 . The topology of the phylogenetic trees was evaluated by the bootstrap resampling method of Felsenstein (1985) glossy and milky with entire margins, and reached approximately 2.0-3.0 mm in diameter after 24 h of incubation at 28 u C. Gram-staining was performed by using a Gram-stain reagent kit (Amresco) and demonstrated that cells of strain D75 T were Gram-stain-positive rods. Cell motility was determined by observing the growth spread of cells in test tubes containing semi-solid DSM 92 medium after incubation for 3 days. From the spread morphology of the clone in the test tube, cells of strain D75
T were identified as motile with polar flagella. To determine aerotactic ability, bacterial cells were incubated by mixing with semi-solid medium at 40-50 u C in test tubes followed by incubation at 28 u C for 3 days. Cells grew near the surface, suggesting that strain D75
T was aerobic.
Most physiological and biochemical tests, including nitrate reduction, production of dextrin, optimal temperature and pH for growth, activities of catalase and oxidase, VogesProskauer reaction, production of indole and growth inhibition by NaCl and lysozyme, were performed according to Smibert & Krieg (1994) , Gordon et al. (1973) , Priest et al. (1981) and Rhodes-Roberts (1981) . Hydrolysis of casein, starch, Tween 80, gelatin and casein was determined as described by Cowan & Steel (1965) . Other physiological and biochemical properties were tested with Biolog GP2 MicroPlates, and API 50CH, API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions, using cells grown on TSA for 3 days at 28 u C. The physiological and biochemical characteristics of strain D75
T as compared with those of the type strains of closely related species of the genus Paenibacillus are presented in Table 1 . As shown, strain D75
T has physiological properties that allow its distinction from these recognized species of the genus Paenibacillus.
The DNA G+C content was determined by reversed-phase HPLC (Tamaoka & Komagata, 1984) . The DNA G+C content of strain D75 T was 51 mol%, which was within the range of values for recognized species of the genus Paenibacillus (Ma & Chen, 2008) .
For DNA-DNA hybridization, total genomic DNA was extracted and purified according to the method described by Yoon et al. (1996) . The spectrophotometric determination of DNA hybridization from renaturation rates was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) . Hybridization was performed with three replications for each sample. The DNA-DNA hybridization values between strain D75 T and P. glycanilyticus NBRC 16618 T , P. xinjiangensis DSM 16970 T and P. castaneae DSM 19417 T were 35, 20 and 18 %, respectively, well below the 70 % cutoff point for species delineation recommended by Wayne et al. (1987) and Tindall et al. (2010) .
Biomass for chemotaxonomic characterization was obtained from 24 h cultures grown on TSA at 28 u C. To determine the cellular fatty acid composition, fatty acid methyl esters were prepared (Komagata & Suzuki 1987) and analysed according to the instructions of the Microbial Identification System (MIDI, Sherlock Version 6.0) as described by Sasser (1990) T are compared in Table S1 (available in IJSEM Online). Anteiso-C 15 : 0 , the major fatty acid in recognized members of the genus Paenibacillus, was also the major fatty acid component of strain D75
T (53.6 %). Polar lipids were separated using 6.666.6 cm TLC silica gel 60 F 254 plates (Merck) according to the method described by Minnikin et al. (1975) . Individual phospholipids were identified by using several spray reagents (Embley & Wait, 1994) and through co-migration with authentic standards (Sigma). The major phospholipids presented in strain D75
T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and phosphatidylinositol (Fig. S1 ). meso-Diaminopimelic acid as the diagnostic diamino acid in the cell wall was determined by the identification service of the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). Isoprenoid quinones were isolated according to the method of Minnikin et al. (1984) and analysed using HPLC as described by Collins (1985) . The major respiratory quinone of strain D75
T was MK-7, in agreement with the description of the genus Paenibacillus.
In conclusion, on the basis of phenotypic, physiological and chemotaxonomic properties, 16S rRNA gene sequences, DNA G+C content and levels of DNA-DNA hybridization, strain D75
T was distinct from related species within the genus Paenibacillus. Therefore, we consider that strain D75
T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus catalpae sp. nov. is proposed.
Description of Paenibacillus catalpae sp. nov.
Paenibacillus catalpae (ca.tal9pa.e. N.L. gen. n. catalpae of Catalpa, referring to the plant genus, the source of the rhizosphere soil from which the type strain was isolated).
Cells are Gram-stain-positive, aerobic, straight rods (0.5-0.8 mm61.2-2.4 mm) that are motile by polar flagella. Ellipsoidal endospores are produced, located subterminally or centrally in swollen sporangia. Colonies are circular, non-pigmented, slightly convex, glossy and milky with entire margins, and reach approximately 2.0-3.0 mm in diameter on TSA after 24 h. Oxidase-negative and catalasepositive. Temperature range for growth is 15-40 u C (optimum, 25-28 u C). No growth is observed at 10 or 42 u C. Growth occurs at an initial pH 6-8 (optimum, pH 7). Growth occurs in the presence of 0-2 % (w/v) NaCl 6-8 (7) 5.7-8 (7) 6.5-9.8 (8.0-8.5) 4.5-8.5 (6.5-7.5) 6-8 (7) NaCl range (optimum, %) 0-2 (0.5-1) 0-4 (2) 0-3(0-1) 0-5 (0-1) 
acid, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and tryptophan deaminase, but positive for urease activity. Starch, Tween 80, casein and ONPG are hydrolysed, but gelatin is not. Decomposition of aesculin, L-tyrosine, xanthine and hypoxanthine are negative. Acid is produced from D-xylose, methyl b-D-xylopyranoside, Dglucose, D-galactose, D-mannose, D-mannitol, amygdalin, aesculin ferric citrate, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, raffinose, starch, glycogen, gentiobiose and turanose (API 50CH), and gas is produced from glucose. Positive for esterase (C4), naphthol-AS-BIphosphohydrolase, a-galactosidase and b-galactosidase; weakly positive for esterase lipase (C8); and negative for alkaline phosphatase, lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase. Cell-wall peptidoglycan contains mesodiaminopimelic acid (A1c type) as the diagnostic diamino acid. The predominant menaquinone is MK-7. The phospholipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol and phosphatidylinositol. The major cellular fatty acids are anteiso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 .
The type strain, D75 T (5DSM 24714 T 5CGMCC 1.10784 T ), was isolated from the rhizosphere soil of Catalpa speciosa selected from Mianyang, Sichuan province, China. The G+C content of the DNA of the type strain is 51.0 mol%.
